Abstract
Introduction

45
Increasing demand for food and biofuel production for a growing population has resulted 46 in the introduction of fixed reactive nitrogen (Nr) in the environment, in quantities surpassing those fixed by natural pathways [Galloway et al., 2003; Erisman et al., 2007] . One of the adverse is also located centrally in this domain to facilitate future comparisons with this modeling study.
142
The Improved Spatial Surrogate (ISS) method has been developed in this study to allocate 
Identifying Spatial Variations in NH3 Emissions at High Spatial Resolutions
152
In SMOKE, spatial allocation of NH3 emissions from CFU from county to CTM grid 153 resolution is based on NLCD for the year 1992 [Vogelmann et al., 2001] . Spatial Surrogate 
Implementing the DNDC Model to Model Temporal Variations in NH3 Emissions
211
As previously mentioned, we employed the DNDC model version 95 [Li et al., 1992] to 212 obtain temporal variation of NH3 emissions at the daily scale. DNDC is widely employed to 213 simulate magnitude and timing of trace gas emissions at the daily or annual scale from managed 214 and natural ecosystems. DNDC has been used to evaluate the impact of crop-rotation and tillage 215 practices on crop yields [Farahbakhshazad et al., 2008] , emissions of nitrous oxide [Xu-Ri et al., 216 2003; Gopalakrishnan et al., 2012] , and nitrate leaching into water bodies [Tonitto et al., 2007; 217 David et al., 2009] . DNDC is driven by ecological parameters that describe climate, plant 218 growth and human activities. These ecological drivers modify the soil climate (e.g., soil 219 temperature, moisture, pH, redox potential, and substrate concentration), which then drives the 220 activity of nitrifiers and denitrifiers in the soil [Li, 2000; Xu-Ri et al., 2003] . NH3 emissions are 221 estimated in the nitrification process that is simulated within the decomposition sub-model.
222
Crop management practices inputs in the form of CFU dates, crop rotation and nitrogen 223 loading from different fertilizer types are required for DNDC. These data are generally not 224 available at the individual farm level, due to confidentiality considerations. Hence, we developed 225 an approach to estimate site level inputs for timing and amount of different fertilizer usage 226 alongside inputs of crop, soil and weather as outlined in Figure 2 and Daily maximum and minimum temperature, precipitation, wind speed, solar radiation and The ISS method was employed to quantify NH3 emissions at 4 km x 4 km resolution for a
308
Midwest USA domain as shown in Figure 5a . Emission hotspots are observed to be dispersed Missouri. Figure 5b shows the percent differences in emissions calculated by SMOKE and the
313
ISS method and is summarized in the box plot in Figure 5c . 
Comparison of the Proposed Temporal Factors with Existing Studies
384
Comparison of the average temporal factors (% NH3 emitted per day) proposed in this hours [Sharpe and Harper, 1995] and that reduction in nitrogen volatilization continues a further 408 5-10 days after CFU [Sommer et al., 2004] . NH3 emissions were detected within four hours and 409 decreased after 48 hours in a measurement study occurring after urea application [Rochette et al., 410 Figure 2 . Modeling scheme adopted in this study to estimate temporal factors using DNDC.
736
Comparisons of the existing approach in SMOKE and the contributions from this study are 737 indicated. 
